Summary: Expanding the availability, utilization and coverage of HIV testing services is a critical step towards primary prevention and successful delivery of antiretroviral therapy (ART) in Zimbabwe. We used data from the Zimbabwe Demographic and Health Survey (2005)(2006) to examine the coverage and correlates of recent HIV testing (HIV testing ,24 months preceding the survey) among HIV-positive and HIV-negative adults. We estimated the relative contribution of HIV testing in both the antenatal care (ANC) setting and non-ANC settings. Uptake of recent HIV testing was 14.4% among women and 11.1% among men, with HIV testing in ANC accounting for 42.3% and 10.3% of all recent testing among women and men, respectively. In the multivariate analyses, recent pregnancies and being aware of ART were independent correlates after controlling for demographic and socioeconomic variables. HIV testing in ANC was an important contributor to HIV testing coverage in Zimbabwe by reaching not only pregnant women but also their partners.
INTRODUCTION
Expanding the availability, utilization and ultimately coverage of HIV testing services is a critical step towards ensuring access to HIV/AIDS services, including primary prevention, prevention of mother-to-child transmission (PMTCT), antiretroviral therapy (ART), management of HIV-related illnesses, tuberculosis control, home-based care and psychosocial support. 1 -8 For HIV-positive individuals, an HIV diagnosis is a necessary first step to accessing care and treatment, and an opportunity to reinforce safer sex practices to prevent onward transmission. A timely diagnosis can help ensure that ART is initiated when its clinical benefits are greatest 9 -11 and the reduction in viral load associated with treating large numbers of diagnosed individuals is considered as an important public health strategy to control the epidemic. 12 Although the evidence has been mixed, for HIV-negative individuals HIV testing also presents an opportunity to provide counselling and information that could result in behavioural change that reduces the risk of acquiring HIV infection. 6, 13, 14 With the scale up of HIV/AIDS services in sub-Saharan Africa, HIV testing has become available in a wide range of service points, including standalone voluntary counselling and testing (VCT) sites and antenatal care (ANC) clinics. Of increasing importance is the provider-initiated testing in ANC, tuberculosis (TB), sexually transmitted infection (STI) clinics, inpatient and outpatient wards. VCT has also been implemented in mobile, community and home-based settings. 15 In Zimbabwe, the National AIDS Policy and National Strategic Framework was launched in 1999 and an AIDS levy (3% of all taxable income) was introduced to fund HIV/AIDS services. 16 However due to ongoing political and economic turmoil, scale up of HIV/AIDS services did not begin in earnest until 2005 when Zimbabwe was awarded funds towards its round 1 proposal to the Global Fund to Fight AIDS, TB and malaria. 16 In 2005-2006, there were seven HIV testing facilities per 100,000 adult population, which translated to one VCT and one ANC testing facility in each of the 60 districts. 16 ART coverage was still very low at 5-8% of those in need, even based on ART eligibility of CD4 count ,200 cells/mm. 3, 17 Indeed, 46% of ART services were provided via private clinics. 16 Service fees for testing, care and treatment for HIV/AIDS in public health facilities were still common, except in symptomatic patients. 18 ANC coverage (i.e. percentage of pregnant women who access ANC during their pregnancy), however, was high at over 95%, 16 providing an important opportunity for pregnant women and potentially their partners to be tested for HIV.
Coverage and correlates of HIV testing have been examined in Zimbabwe 6, 19 and elsewhere, 14,20 -22 with most studies focusing on subgroups, such as high-risk groups, young people and pregnant women, or specific regions of the country. Importantly, the relative contribution of HIV testing in ANC as part of PMTCT programmes to overall HIV testing coverage has not been well described, both among female and male partners of pregnant women attending ANC. This paper aims to describe the coverage and correlates of recent HIV testing at both ANC and non-ANC settings among HIV-positive and HIV-negative adults at the national level using the Zimbabwe Demographic Health Survey (ZDHS) of [2005] [2006] .
METHODS

Data
We used the data from the 2005-2006 ZDHS, a population-based cross-sectional survey conducted by the Central Statistical Office and the Measure DHS Program. 23 The ZDHS was designed to provide data on nationally and provincially representative demographic and health indicators. HIV testing was performed in each household among women and men who were present at the time of interview and consented to an HIV test. Details of the study sample selection process have been described elsewhere. 23 
Study population
Out of the 9870 eligible women aged between 15 and 49 years, 8761 were interviewed and 7484 consented to an HIV test. Similarly, out of 8762 eligible men aged between 15 and 54 years, 7175 were interviewed and 5555 consented to an HIV test. This analysis is restricted to those who consented to an HIV test.
Measures
The outcome of interest was recent HIV testing defined as a self-reported HIV test that occurred 0-24 months prior to the interview. Three key predictors were considered: recent pregnancy, HIV status and awareness of ART. HIV status was assessed by blood specimens collected during the interview. All samples were tested on the first assay test, an enzymelinked immunosorbent assay (ELISA), Vironostika HIV Uni-Form II Plus O (BioMerieux, Geneva, Switzerland). A negative result on this test was considered negative. All positives were subjected to a second ELISA test (AniLab Systems, Vantaa, Finland), and a confirmatory test, Genetic Systems New LAV Blot I (a Western blot by Bio-Rad, Marnes-laCoquette, France), was performed to resolve discordant results. 23 Recent pregnancy was defined as a self-reported pregnancy that occurred 0-24 months prior to the interview. Awareness of ART was assessed from the response to the following question: 'Have you heard of drugs to help HIV-infected people to live longer?' Demographic, socioeconomic, knowledge and attitudes, risk and barrier variables were examined as control variables in multivariate analyses. Comprehensive knowledge of HIV/AIDS and accepting attitudes towards people living with HIV and AIDS (PLWHA) are composite measures recommended by UNAIDS guidelines. 24 Comprehensive knowledge of HIV/AIDS was constructed from responding positively to three questions about whether: (a) a person can reduce the risk of getting HIV by always using condoms during sex; (b) a person can reduce the risk of getting HIV by having just one uninfected, faithful partner; and (c) a healthy-looking person can have HIV; and rejecting the two most common local misconceptions about HIV transmission or prevention, including that (a) HIV can be transmitted by mosquito bites and (b) a person can become infected by sharing food with a person who has HIV. Accepting attitudes towards PLWHA were also constructed using the UNAIDS guidelines, based on positive responses to the following questions about whether the respondent: (a) is willing to care for a family member with HIV in the respondent's home, (b) would buy fresh vegetables from a shopkeeper who has HIV, (c) thinks that a female teacher with HIV and is not sick should be allowed to continue teaching; and (d) would not want to keep secret that a family member got infected with HIV.
Data analysis
Statistical analyses were performed using SAS software version 9.2 (SAS, Cary, NC, USA). All variables were categorized and analysed using Rao-Scott x 2 test. Variables with P values ,0.25 in the bivariate analyses were included in the multiple logistic regression models. 25 Gender-specific multiple logistic regression analyses were performed to determine whether the key predictors were independently associated with the outcome. For women, three separate models were fit: (1) all women, (2) pregnant women and (3) non-pregnant women, to examine the difference in the effects of the key predictors on recent HIV testing by recent pregnancy status. For men, one model was fit for all and a separate model was fit for men who were part of a couple (i.e. married men and men living with a partner; 1983 men), specifically to examine the effect of recent pregnancy of the partner. After dropping collinear variables, variables for the final model were selected based on statistical significance (P 0.05) and contribution to the model goodness of fit using the AIC statistic. 26 The key variables and age were kept in the models even with nonsignificant results. The hierarchical sampling structure of the ZDHS was accommodated with use of survey procedures in SAS that applied ZDHS survey weights and adjusted the standard errors thereby accounting for clustering within the DHS sample. Among men with a co-habitating partner, those whose partner had a recent pregnancy were more likely to have a recent HIV test than those whose partner did not have a recent pregnancy: 13.4% (95% CI, 9.7-17.1%) versus 9.0% (95% CI, 7.3-10.7%), respectively. Furthermore, among men with a recently pregnant partner, HIV-positive men were more likely to have a recent HIV test (20.0%; 95% CI, 10.6-29.4%) versus 11.9% (95% CI, 8.2-15.7%). Recent HIV testing in the ANC setting accounted for 10.3% (95% CI, 7.9-12.7%) of all recent HIV testing among men: 9.0% (95% CI, 6.5-11.5%) for HIV-negative men and 16.3% (95% CI, 9.2-23.5%) for HIV-positive men.
RESULTS
Coverage of recent HIV testing
Correlates of HIV testing: bivariate analysis
The bivariate associations of individual-level characteristics and HIV testing in the last 24 months for women are shown in Table 1 . Table 2 . Younger age (20s and 30s), living in urban areas, having completed higher education, having a higher household wealth index, having accepting attitudes towards PLWHA, having comprehensive knowledge about HIV/AIDS, being aware of ART and knowing someone who has AIDS were significantly and positively associated with recent HIV testing. HIV status, higher number of lifetime partners and living in a household with a chronically ill person or with a death after chronic illness in the last 12 months were not significantly associated with having a recent HIV test. Having never been married and never having had sex as well as being married and living together with a partner were associated with a lower likelihood of having a recent HIV test. Restricting the analysis to men in a couple, recent pregnancy status of their partner, age group 30-39, urban residence, higher completed education, higher household wealth index and being aware of ART were significantly and positively associated with a recent HIV test.
Correlates of HIV testing: multivariate analysis
Among all women, recent pregnancy and awareness of ART were independent positive correlates of recent HIV testing after controlling for other significant covariates, including age, marital status, highest completed education, household wealth index and knowing someone who has AIDS (Table 3) . HIV status was not independently associated with recent HIV testing. The two stratified models by recent pregnancy status showed awareness of ART as independently positively correlated with recent HIV testing among women without a recent pregnancy but not among women with a recent pregnancy. HIV status was not significantly associated with recent HIV testing among women with or without a recent pregnancy. Among women who had a recent pregnancy, having a higher household wealth index and having accepting attitudes towards PLWHA were the only significant positive covariates. For women who did not have a recent pregnancy, being 20-24 years of age, having a higher completed education, higher household wealth index, having higher number of lifetime sexual partners, being aware of ART and knowing someone who has AIDS had a higher likelihood of having a recent HIV test (Table 3) .
Among all men, awareness of ART was independently and positively correlated with recent HIV testing controlling for other significant covariates, including age, marital status, highest completed education, household wealth index and knowing someone who has AIDS. HIV status was not 
Knowledge and attitudes Attitudes towards PLWHA Accepting - independently associated with recent HIV testing. Among men in a couple, men whose partner had a recent pregnancy had a higher likelihood of having a recent HIV test, controlling for other significant covariates, including age and household wealth index. HIV status and awareness of ART were not significant correlates among men in a couple (Table 3) .
DISCUSSION
Women with a recent pregnancy were substantially more likely to have a recent HIV test, which is likely due to the availability of HIV testing in the ANC setting. That recent HIV testing in the ANC setting accounted for 42.3% of all recent HIV testing among women suggests that for women, ANC was an important entry point for HIV testing in Zimbabwe in [2003] [2004] [2005] [2006] . This finding is intuitive and has been suggested as the reason for the disproportionately higher numbers of women than men testing for HIV 27 and accessing HIV care and ART in sub-Saharan Africa. 28, 29 Furthermore, HIV testing in ANC may eliminate some of the traditional barriers to HIV testing. 21 In our analysis, education and HIV risk behaviour were not associated with recent HIV testing among women with a recent pregnancy in the ANC setting, as was found for women without a recent pregnancy. Since coverage of ANC is extremely high in Zimbabwe at over 95%, most women, regardless of their level of education, visit an ANC at least once during their pregnancy. When HIV testing coverage in ANC is also high, this increases the chance of pregnant women being offered and receiving an HIV test. Notably, household wealth index remained a significant correlate of HIV testing after controlling for other potential confounders for all adults, including women with a recent pregnancy. This is possibly due to the fact that at the time of the survey, service fees were still common for HIV-related services, including HIV testing, offered both within and outside of public health institutions. 30 The association of recent pregnancy with testing coverage is also evident among male partners of women with a recent pregnancy, particularly those who are HIV positive. Recent HIV testing in the ANC setting accounted for 10.3% of all recent HIV testing among men. As shown in Uganda before, 31, 32 this finding may suggest the impact of promoting male partner testing in the PMTCT programme in Zimbabwe. The impact that HIV testing in the ANC setting has had in increasing HIV testing among male partners is critical in light of studies that have found that couples testing can lead to earlier initiation of ART, 28,32 -34 which is one way to help mitigate the substantial problem of early mortality associated with late ART initiation in the region. 10, 35 Still, recent HIV testing coverage among women with a recent pregnancy (39.0%) and their male partners (13.4%) was relatively low despite the availability of VCT in the ANC setting. This is likely reflective of the early stages of scale up of HIV testing services in Zimbabwe between 2005 and 2006, and of the fact that HIV testing was still largely offered only as part of VCT (i.e. as opposed to provider-initiated or opt-out testing). Indeed, the vast majority of women with a recent pregnancy who reported not receiving an HIV test at the ANC also reported that the test was not offered to them (97.3%). These missed opportunities appear to be independent of age, residence, household wealth index and education and may represent systemic or structural barriers to HIV testing among pregnant women attending ANC, beyond those correlates described in the present analysis. However, the available data did not permit a more thorough examination of potential explanations for why some women were not offered HIV testing. A comparison of ZDHS data from 1999 and 2005-2006 revealed a doubling of the proportion of respondents who confirmed ever having an HIV test (12.2-25.7% for women and 9.2-17.7% for men). 36 In the younger age groups (15-19 and 20-24) , the testing coverage more than doubled in the same period. 36 An opt-out testing strategy in the ANC setting was rolled out after a successful evaluation of the strategy in two rural districts in Zimbabwe. 37, 38 It is thus expected that HIV testing coverage will increase in the years after the ZDHS 2005-2006 as this strategy is implemented nationwide. 39 Awareness of ART was an important correlate of HIV testing for both women and men. This finding is consistent with the concomitant increase in treatment availability and HIV testing in Zimbabwe. 27 It suggests that widespread availability of treatment could encourage individuals to get tested for HIV. Based on past investigations, 22, 40, 41 we hypothesized that HIV-positive individuals are more likely to seek an HIV test due to a higher likelihood of having engaged in high-risk behaviour and/or being symptomatic. In the present analysis, HIV status was not significantly associated with recent HIV testing.
Our analysis has a number if strengths, including the use of a nationally representative sample to obtain national estimates of coverage and correlates of recent HIV testing in Zimbabwe during the early phase of scale up of HIV/AIDS-related activities. The sample was large and allowed for insightful stratified analyses with good precision of HIV testing coverage by HIV status as well as recent pregnancy. Finally, the present analysis focused on a recent HIV testing rather than ever having an HIV test to capture the coverage of HIV testing during the recent scale up of HIV/AIDS services in Zimbabwe. Moreover, the covariates examined for HIV testing were respondent characteristics assessed at the time of the interview. We limited the time span of HIV testing because current characteristics may not be appropriate correlates of HIV testing that occurred more than two years ago. 20 There are some limitations to our analysis, which reflect those inherent to cross-sectional studies. The ZDHS survey is a crosssectional survey and causality cannot be inferred for any of the findings. 42 Furthermore, data were collected through selfreport. To the extent that study participants misreported, either intentionally or inadvertently, our results may be biased. However, data collection in the 2005-2006 ZDHS was done in private in order to facilitate truthful reporting and minimize intentional misreporting. Additionally, we did not examine non-individual level characteristics, such as contextual level factors, that may be correlated with the outcome. We plan to utilize multilevel models to investigate this in the future. Finally, the outcome measure, having a recent HIV test, did not capture the receipt of the test result by the individual. As such it is not a measure of self-knowledge of HIV status. While an overwhelming majority of those who had a recent HIV test reported also receiving the test result in our sample (85.7% among women, 88.4% among men), correlates of uptake and receipt of test result would probably be different.
Those with an unknown HIV status were excluded from the bivariate and multivariate analyses because HIV status was a covariate of interest. This group includes those who were absent during the collection of blood specimens and those who refused to be tested. 36 We compared the characteristics of this population with those with known HIV status. Those with unknown HIV status were comparable on most variables, including coverage of recent HIV testing (15.2% for women and 14.5% for men) and proportion with a recent pregnancy (13.8%). The most notable difference was that those with an unknown HIV status tended to come from urban areas. We assessed whether correlates of HIV testing differed from interviewees whose HIV status was known. In a sensitivity analysis, including those with an unknown HIV status did not change the correlates for recent HIV testing found in the multiple logistic regression models described earlier.
HIV testing of women with a recent pregnancy and their partners in the ANC was an important contributor to recent HIV testing coverage in Zimbabwe in the early phase of HIV care and treatment scale up. It appears to have been a critical strategy to remove traditional barriers to HIV testing, such as education and stigma associated with HIV risk behavior. Further, in our analysis, awareness of ART was an important correlate for recent HIV testing while HIV status was not.
HIV testing coverage among adults, as measured by the proportion having a recent HIV test was still relatively low in Zimbabwe in 2003-05, given the very high background HIV prevalence. Strategies to increase testing among all groups of adults, particularly women and men not associated with a pregnancy are needed. Continued scale up of ART provision and the move toward routine HIV testing in some settings in the years after the survey are expected to result in an expansion in HIV testing coverage. Increasing HIV testing coverage in ANC could result in substantial increases in HIV testing coverage for all Zimbabweans.
